The tumor associated antigen RCAS1 (receptor-binding cancer antigen expressed on SiSo cells) expressed with high frequency in various cancer and trophoblast cells, inhibits growth of estrogen receptor-expressing cells and induces apoptosis. Because previous reports demonstrated RCAS1 presence only by non-quantitative immunocytochemistry methods, we decided to use a Western blotting with anti-RCAS1 monoclonal antibodies for estimation of the relative content of the tumor-associated antigen. One hundred tissue samples were assayed (neoplasms, chronic inflammatory diseases, healthy tissues, trophoblasts and placentas at term). RCAS1 was present in all neoplastic, placental and trophoblast tissue samples and its level in malignant samples was statistically significantly higher than in benign neoplasms. The amount of RCAS1 in chronic inflammations was also significantly increased in immune mediated diseases, like allergic nasal polyps and sarcoidosis. The RCAS1 protein was not revealed in healthy mucous membrane and in muscle tissues. The presented results suggest that RCAS1 might play an important role in tumor escape from host immunological surveillance and carry weight in the down regulation of the maternal immune response, thereby maintaining pregnancy.
. The RCAS1 is also present in uterine gland, extra-villous cytotrophoblasts, erythroid progenitor cells (Ohshima et al., 2001a) , immune-mediated diseases (Enjoji et al., 2002) , trophoblast cells (Ohshima et al., 2001b) and in placenta at term (Wicherek et al., 2003a) . The RCAS1 protein is a homodimer of 213 amino acid-long monomers, each with an N-terminal transmembrane segment and a coiled-coil structure in the C-terminal portion. Its expression is estrogen receptor dependent. Similarly as other type II membrane proteins RCAS1 can also be secreted in a soluble form, which was confirmed in cancer cell culture (Nakashima et al., 1999) . In Western blotting technique with monoclonal anti-RCAS1 antibodies the membrane-bound and soluble forms of protein localizes in 32 and 25 kDa bands, respectively (Tsuchiya et al., 2001; Engelsberg et al., 2003) . The RCAS1 protein acts as a ligand for a putative receptor present on various human cells including normal peripheral lymphocytes such as T, B and NK (natural killer) cells, inhibits growth of receptor expressing cells in vitro and in vivo and induces apoptotic cell death through activation of caspase 3 and collapse of mitochondrial transmembrane potential (Matsushima et al., 2001) .
The expression of RCAS1/EBAG9 in cancer cells helps to avoid immune recognition and evade immune surveillance. Similarly, presence of this protein in uterine glands and cytotrophoblasts is reflection of its role in the down regulation of the maternal immune response (Ohshima et al., 2001b) .
The aim of our research was to compare the presence of RCAS1 at the protein level in neoplasms and placenta, i.e. in tissue samples derived from head and neck pathologies like cancers, immune-mediated diseases and blood serum samples, ovarian cancer, skin cancer and in samples of placenta at term. The RCAS1 level was determined using a Western blotting method, in contrast to previous reports (Ohshima et al., 2001b) , where the presence of RCAS1 was demonstrated only by immunohistochemistry (in trophoblast and in neoplastic tissue samples). In this report we present also evidence for the existence of soluble RCAS1 form in blood serum.
MATERIALS AND METHODS

Chemicals.
If not stated otherwise, all chemicals used were from Sigma, U.S.A.
Tissue samples. Tissue samples were divided into neoplasmatic and non-neoplasmatic ones. RCAS1 content was estimated in 51 placental tissue samples, 22 neoplasms (ovarian, head and neck, skin) and 16 samples derived from chronic inflammatory diseases of the head and neck. Nine samples were obtained from healthy tissue. We also analyzed two blood serum samples, one derived from patient with benign neoplasm, the other from a patient with chronic inflammatory disease. Tissue samples were obtained from the Otolaryngology Department, Department of Gynecology and Infertility Clinic of Jagiellonian University during routine surgery and after parturition at term or Cesarean section. In all cases patients' consent was obtained. The samples were histopathologically verified by the Anatomy and Pathology Department of Jagiellonian University.
Preparation of tissue extracts. Tissue samples (average dimensions 0.5´0.5´0.5 cm) obtained during surgery were immediately mixed with Complete Proteinase Inhibitor Cocktail (Roche, Germany) and homogenized in ice-bath in a glass-glass Potter-Elvejhem homogenizer. The resulting suspensions were mixed with equal volume of SDS-PAGE sample lysis buffer (4% SDS, 20% glycerol, 125 mM Tris/HCl, pH 6.8) and boiled in a water bath for 5 min. Chilled samples were then spun down at 16 000´g for 15 min at room temperature and the supernatants were used for further analysis. Blood serum was pre-pared by centrifugation of heparinised blood at 2000´g for 10 min, second centrifugation of the obtained supernatant at 16 000´g for 10 min and mixing with proteinase inhibitor cocktail, equal volume of SDS-PAGE sample lysis buffer and boiling as above.
Western blotting. Total protein content in the obtained supernatants was measured using BCA assay kit and different sample volumes (usually in the range of 2-10 ml) equivalent to 50 mg of total protein were then loaded on SDS/PAGE Tris/Tricine gels (Shagger & von Jagow, 1987) . Prestained broad range molecular mass protein mix standard (Bio Rad, U.S.A.) was used in marker lane. After electrophoresis the gels were electrotransferred on Immobilon-P polyvinylidene difluoride (PVDF) 0.45 µm membrane (Millipore, U.S.A.) in a buffer containing 10 mM 3-(cyclohexyloamino)-1-propanesulfonic acid (CAPS), pH 11, supplemented with 10% methanol. The obtained membrane blots were blocked by overnight gentle agitation in 5% bovine serum albumin in TST buffer (0.01 M Tris/HCl, pH 7.4, 0.9% NaCl, 0.5% Tween-20). After discarding the albumin solution the membranes were agitated for 2 hr in a 1:4000 dilution of mouse monoclonal anti-RCAS1 MoAb 22-1-1 IgM-class antibody (Medical and Biological Laboratories, Japan) in TST buffer. The membranes were then subjected to cycles of 5-min washing in TST buffer and immersed in a 1:2000 dilution of biotinylated anti-mouse IgM m-chain specific antibodies for 2 hr with agitation. After four cycles of washing the membranes were soaked for 2 hr in a 1:2000 dilution of ExtrAvidin-alkaline phosphatase conjugate and finally washed two times in TST buffer and two times in TST without Tween-20. The color was developed using Fast Red TR/Naphtol AS-MX tablet set. Sufficient band intensity was usually obtained after 5 min of developing. The immunoblotts were then rinsed with water and air-dried. The whole procedure was conducted at room temperature.
Computer-aided image analysis. Fluor-S MultiImager (BioRad, U.S.A.) was used to scan the immunoblot membranes and the computer program QuantityOne (BioRad, U.S.A.) was used to quantitate band intensities. All calculations were performed for the soluble form of RCAS1 antigen having molecular mass of about 25 kDa. The intensities of this band were expressed in arbitrary relative units and one unit (U) was defined as the band intensity produced by the reference sample. This reference sample was randomly chosen but was the same on all blots and was applied always in the same amount. Because all immunoblots contained the same RCAS1 quantity standard and all lanes were loaded with the same amount of total protein (50 mg) the determined values were highly repetitive and independent of experiment conditions. The result always shows the relative amount of RCAS1 25 kDa antigen in 50 mg of total sample protein.
Statistical analysis. Statistical calculations were performed using Statistica computer program (StatSoft, Poland). Data series were tested using Student's t-test and assuming normal distribution.
RESULTS AND DISCUSSION
The monoclonal anti-RCAS1 antibodies in Western blotting technique allow to visualize the 32 kDa band characteristic for the membrane-bound form of RACAS1 as well as 25 kDa band for soluble form (Nakashima et al., 1999; Tsuchiya et al., 2001; Engelsberg et al., 2003) . The presented comparative data reflect level of the 25 kDa form because of its common occurrence in the various tissue extracts. The presence of the RCAS1 protein was revealed in all neoplastic and placental samples examined and in 62.5% of chronic inflammations. The highest amount of RCAS1 among all the samples was found in trophoblast tissue (average relative amount 3.420). The RCAS1 content in neoplasms (squamous cell carcinoma of head and neck, basal cell carcinoma of skin, squamous cell carcinoma of skin, ovarian adenocarcinoma, inverted papilloma of nasal cavity, pleomorphic adenoma) was higher than in chronic inflammations (chronic sialoadenitis, neutrophilic nasal polyps, eosinophilic nasal polyps, sarcoidosis, reactive lymphadenitis). The highest amount of RCAS1 among the neoplastic tissue samples was observed in squamous cell carcinoma of palatine tonsil high grade (average relative amount 2.706). In tissue samples obtained from chronic inflammations the average amount of RCAS1 was 0.460. We did not find RCAS1 antigen in healthy tissue samples (mucose membrane of upper respiratory tract, muscle tissue, skin). These results are collected in Table 1 .
The RCAS1 content in malignant neoplasms was statistically significantly higher than in benign neoplasms (Table 2 ). All immune mediated chronic inflammation samples contained RCAS1, but in inflammations based on other mechanisms (mainly bacterial) its level was significantly decreased. The average amounts and statistical correlations are presented in Table 3 .
The RCAS1 protein was also found in two blood serum samples, one derived from a patient with benign neoplasm and the other from a patient with chronic inflammatory disease. The relative amount of this soluble RCAS1 form is presented in Table 4 .
The distribution of RCAS1 in trophoblast, ovarian cancer and peritoneal metastases tissue samples derived from one pregnant woman is shown in Table 5 . Hysterectomy was performed in 13th week of gestation, because of ovarian adenocarcinoma (GII). Figure 1 demonstrates a typical immunoblot. The membrane contains samples derived from placentas at term and samples from different head and neck tumors. Two main bands are visible, the 32 kDa band of transmembrane protein and the 25 kDa form of soluble RCAS1. The figure illustrates also that 25 kDa antigen is present in all samples and is more convenient for use in comparative studies. It is also worth of noting that placenta at term samples contain additional 21 kDa band. According to Winkler et al. (1999) we assume that this band corresponds to product of RCAS1 fragmentation during labor.
In our investigation we confirmed the presence of the RCAS1 protein in all neoplastic tissue samples and all placental samples (Table 1). The content of RCAS1 in malignant tissue samples was statistically significantly higher than in benign neoplasms ( Table 2 ). The RCAS1 level was greater in peritoneal metastases than in primary ovarian cancer (Table 5 ). The RCAS1 expression correlated to tumor grading, lymph node metastases and short outcome (Oshikiri et al., 2001; Rousseau et al., 2002) . The obtained results in quantitative form confirm previous reports about the possible role of RCAS1 in tumor escape from immune surveillance (Kubokawa et al., 2001) . RCAS1 has been suggested to help neoplasm to avoid host immune recognition, helps to survive in blood vessels, lymph nodes and extra-cellular matrix (Kubokawa et al., 2001) . We also identified RCAS1 protein in tissue samples with chronic inflammatory diseases, which were not pre-cancerous lesions. The amount of RCAS1 in chronic inflammations was significantly increased in immune mediated diseases, such as allergic nasal polyps and sarcoidosis (Table 3) . Enjoji et al. (2002) have indicated that the RCAS1/ RCAS1-receptor system is probably engage in a defense against immune system attack. RCAS1 was also found in a shaggy chorionic tissue sample. During the first trimester of gestation the trophoblast cells grow invasively into decidua, which is a physiological process, similar to previously described neoplastic invasiveness. RCAS1 is expressed in extra villous and villous cytotrofoblast and in histiocytes in chorionic villi (Ohshima et al., 2001b) . The expression of RCAS1 in uterine glands and cytotrophoblast plays a role in the down regulation of the maternal immune response. We can therefore hypothesize that Vol. 50 RCAS1 level in neoplasms and placenta 1191 RCAS1 may participate in inhibition of maternal immune attack (Wicherek et al., 2003b) . We also compared the pattern of RCAS1 bands derived from patients with squamous cell carcinoma of head and neck with that derived from placenta at term. Two main bands were identified: 32 kDa and 25 kDa. Neoplastic tissue is characterized by the presence of both bands, with prevalence of 25 kDa band, similarly to the shaggy chorionic tissue samples. The placental samples derived during parturition (after 24th week of gestation), contain both bands (25 kDa and 32 kDa), but the 25 kDa band in some cases is accompanied by a 21 kDa band. As was suggested earlier, the presence of this degraded low-molecular form may be connected with the increase of matrix metaloproteinase (MMP) activity during the labor (Winkler et al., 1999) .
As was shown earlier (Nakashima et al., 1999; Sonoda et al., 2000) the neoplastic cells are able in vitro to secrete the RCAS1 antigen into the extracelluar matrix. This soluble RCAS1 form induced apoptosis in cultures of receptor-positive cells (e.g. leukemia cells K562) and this activity was reduced after absorption with Mab 22-1-1 antibody. We identified the 25 kDa RCAS1 soluble form in blood serum samples (Table 4) . Unfortunately, we were not able to collect more samples in clinic and therefore the results presented in Table  4 , contain data from single medical case.
The RCAS1 presence in trophoblast and neoplastic tissue samples has been reported previously, but the analysis was only done by non-quantitative immunohistochemistry techniques. Our relative determinations of RCAS1 level confirmed presence of this protein in placenta and neoplasms and demonstrated that the level of this antigen in specific tissues is related to tumor grading and immunological status. RCAS1 is a protein, which seems to play an important role in tumor escape from host immunological surveillance, developing of metastases and in the down regulation of the maternal immune response. We also suspect, that RCAS1 may play a role in labor initiation. Further investigations are underway. 
